Seven healthy volunteers and 3 hospitalized patients were given the same diet for 6 days. The mean intake of cholesterol was 359 mg/day. There was a large difference in the fecal amount of cholesterol and coprostanol amongthe subjects. The ratio of coprostanol/cholesterol ranged from 0.01 to 4.27. The subjects whose feces contained smaller amountof coprostanol excreted larger amounts of jS-sitosterol and crude fiber, suggesting that the various activities of intestinal flora were lower than the other subjects. The difference in the activity of intestinal flora to convert cholesterol into coprostanol was ascertained by incubating the feces anaerobically with egg yolk in vitro. It was also demonstrated that cholesterol was synthesized de novo and the amount corresponded to 0.1-0.6 g/day. The amounts of sterols in the feces of the other 17 hospitalized patients were also determined and there was an inverse relationship between the serum cholesterol and coprostanol/cholesterol ratio in the feces. These results suggested that the conversion of cholesterol into coprostanol by the intestinal flora might have an important role in the regulation of serum cholesterol level.
It has been well recognized that the intestine is a major site of the absorption of cholesterol and that the metabolism of cholesterol in the intestine has a profound effect on serum cholesterol level. The surgical operations such as partial ileal bypass are sometimes performed in the treatment of hypercholesterolemic patients1"3'. A part of cholesterol, derived from diet and bile, is absorbed in the intestine to form chylomicrons. On the other hand, another part of cholesterol is considered to be transformed into coprostanol, coprostanone and other related compounds by the bacteria which are mainly present in the colon4"6\
The configuration of A and B rings of coprostanol is different from that of cholesterol, and coprostanol is rarely absorbed in the intestine and excreted into the feces. Therefore it is possible that not only the amount of cholesterol intake but also the activities of intestinal flora to convert cholesterol into coprostanol and to synthesize cholesterol may influence the metabolism of cholesterol in the intestine and further the serum cholesterol levels. The present study was undertaken to determine the dietary intake and fecal excretion of cholesterol and related compounds in human subjects and also to examine the relationship between the serum cholesterol levels and the activities of intestinal flora.
METHODS

Subjects
Studies were carried out on 7 healthy volunteers, aged 28-35 years, and 20 hospitalized patients, aged 29-89 years. The patients had no antibiotics and drugs affecting cholesterol metabolism.
Diets
Seven healthy volunteers and 3 hospitalized patients of similar age to the volunteers were given the same diet for 6 days. The frequencies of stools of all subjects were almost once a day.
Serumcholesterol and fecal sterols They did not have any other food except 400 ml of water and green tea per day. The diets were prepared in our hospital and the composition was planned to simulate an average Japanese diet ( Table  1) . The mean energy intake was 2458 Cal/day.
The percentages of energy intake from protein, fat and carbohydrate were 15%, 24% and 61% of the total, respectively.
The vegetable fat was 42.6% of the total fat. About 70% of the carbohydrate was supplied by rice. The cholesterol intake was 359 mg/day. The main constituent of plant sterols was /3-sitosterol (156 mg/ day) and the sum of plant sterols was 215 mg/day. The contents of Na and K were 279.4 mmoland 54.9 mmol per day, respectively. Collection of samples Before the first intake and after the last intake of the diets, the subjects swallowed 3 g of charcoal powder to discriminate the feces derived from the diets before and after the experimental period and also to determine the transit time through the gut. Serum cholesterol levels of the subjects were determined on the last day. The diet of each day was added with a measurable volume of water and homogenized. Individual feces were collected in polyethylene bags and stored at -20°C before analysis. An aliquot of feces was homogenized with water.
Fecal samples were also obtained from the other 17 hospitalized patients. Serum cholesterol levels were determined at the same time.
Analysis of sterols in diet and feces
The total lipids of the aliquot of the homogenate of diets or feces were extracted with chloroform-methanol mixture according to the method of Bligh and Dyer7l The chloroformmethanol extract was evaporated under nitrogen stream and the lipid residue was then saponified with alcoholic KOH (15%) for 2 hr. The unsaponifiable matter was extracted with petroleum ether three times. The petroleum ether extract was evaporated to dryness and the residue was added with N,O-bis (trimethylsilyl) acetamide and kept at 30°C for 3 hr. The trimethylsilyl ethers of sterols were dissolved in tetrahydrofuran and analyzed by gas-liquid chromatography (GLG). GLC was carried out on a Shimadzu gas chromatograph GG-4BM equipped with a flame ionization detector.
The columns (100 cm x 3 mm i.d.) were U-type glass tubes packed with 1.5% OV-17 on Shimalite W (80-100 mesh). The N2 flow was 80 ml/min and the temperatures of the columns and the detector were kept at 250°C and 300°C, respectively. As an internal standard for GLC, 5a- Determination of dietary and fecal fiber The amounts of fiber in 3 samples each of diets and feces were determined by the two way, crude fiber method and Southgate's method8^( Table 2 ).
The sum of the amounts of hemicellulose, cellulose and lignin obtained by Southgate's method was nearly equal to the amount of crude fiber in the case of diets, but the sum was higher by 30% than crude fiber in the feces. However, for the purpose of comparing the total amount of fiber in the diets and feces, crude fiber method was employed in this study.
Determination of Na and K in diets and feces The homogenates of diets or feces were dried at 130°C and ashed at 550°C. The residue was dissolved in water and the amounts of Na and K were determined by a flame photometer (Corning-EEL 450).
In vitro conversion of cholesterol into coprostanol by intestinal bacteria
On the 5th day of the experimental period the feces of each subject were collected in CO2-filled polyethylene bag and immediately homogenized in 9 vol. of the diluting solution (Table 3) anaero-
bically. An aliquot (2.4 ml) of the homogenate was incubated with egg yolk, human serum or rabbit serum in the diluting solution (total vol.
15 ml) at 37°C under anaerobic condition for 24, 48 and 72 hr. An aliquot of the reaction mixture was saponified with alcoholic KOH(15%) for 2 hr.
The unsaponifiable matter was extracted with petroleum ether and analyzed by GLCas described above.
RESULTS
Wet and dry fecal weight and frequency of stools All subjects excreted feces at least once a day throughout the experimental period ( Table 4 ). The charcoal powderswallowed by the subjects were excreted within 12 hr. The wet weight, water content and Na and K content of the feces of subjects Nos. 1 and 5 were larger than those of the other subjects. Dietary intake and fecal excretion of sterols and fiber
The amounts of cholesterol and coprostanol in Distilled water 37.5 ml 37.5 ml å 1 ml 10 ml 2 ml 50 ml 860ml Relationship between serum cholesterol level and coprostanol/cholesterol ratio in feces There was an inverse relationship between the serum cholesterol level and coprostanol/cholesterol ratio in the feces of 7 healthy subjects and 6 hospitalized patients whose frequencies of stools were almost once a day (Fig. 2) . In the aged subjects, however, the ratio often exceeded 10, particularly in the subjects whose frequencies of stools were small. Although there was a tendency of the decrease in the ratio with the increase in the serum cholesterol level, the relationship was not statistically significant (Fig. 3A) . When the subjects were confined to those whose frequencies of stools were 5 times or more per week, the coprostanol/cholesterol ratio in high serum cholesterol group (I>200 mg/dl) was significantly lower than low serum cholesterol group (<150 mg/dl) ( There are some factors affecting the conversion of cholesterol into coprostanol. The quantity and pattern of the intestinal bacteria are subject to change with increased age9' 10'. Huang et al.ll' revealed the quite different pattern of neutral sterol excretion into feces between children and adults, that is, the proportion of coprostanol in the neutral sterol fraction increased and that of cholesterol decreased with age. They also showed that in diarrhea caused by shigellosis the percentage of coprostanol decreased12'. Midtvedt and Frederichsen13' reported that the administration of some antibiotics to man resulted in the marked reduction of coprostanol formation.
In the present study, quite different patterns of fecal output of coprostanol and cholesterol were obtained among the subjects, though they had the same diets. The ratio of coprostanol/cholesterol ranged from 0.01 to 4.27. The subjects were of similar age and had no antibiotics and drugs affecting cholesterol metabolism. There were no differences in the frequency of stools and in the transit time among the subjects. It is therefore uncertain what factor(s) affected the transformation of cholesterol into coprostanol.
Grundy et al. ' showed that in man the loss of |3-sitosterol during its passage through the intestinal tract amounted as much as 56%of the dietary intake and they suggested that the j3-sitosterol had been degraded by the intestinal bacteria. Afterwards they demonstrated that the absorption of /3-sitosterol was 5%or less of the dietary intake1. Dietary fiber has also been shown to be digested by the intestinal bacteria16' 17. In the present study, the subjects of lower coprostanol/cholesterol ratio excreted larger amounts of j3-sitosterol and fiber than the other subjects, suggesting that the various activities of their intestinal flora were lower as well as the activity to convert cholesterol into coprostanol.
The formation of coprostanol from cholesterol was ascertained by incubating the feces with egg yolk or other source of cholesterol.
The amount of coprostanol formation and the changes in the amount of cholesterol differed depending on the source of cholesterol.
The difference in the activity to form coprostanol among the subjects was confirmed. It was also demonstrated that cholesterol was synthesized de novo and the amount corresponded to 0.1-0.6 g/day.
There was an inverse relationship between the serum cholesterol level and coprostanol/ cholesterol ratio in the feces. Coprostanol was not detected in human liver by GLC (Sekimoto H, unpublished data), indicating the poor absorbability of this sterol. These results suggested that the activity of the intestinal flora to convert cholesterol into poorly absorbable coprostanol might play an important role in the regulation of serum cholesterol levels. In most of the studies concerning the metabolism of cholesterol in the intestine, the site of cholesterol absorption has been limited to the small intestine. From the present data, however, the possibility can not be excluded that the colon takes part in the absorption of cholesterol.
Further, in the surgical operations to reduce serum cholesterol, the small intestine is anastomosed to the ascending or traverse colon1'2\
This fact suggests that the colon may exert unnegligible effects on the cholesterol metabolism. Serum cholesterol level of Japanese is lower than those in American and European18"20^. It has been demonstrated that there is persistently higher number of Clostridium perfringens in the intestine of Japanese aged adults without clinical symptoms21' 22\ So the quantity and quality of the intestinal flora of Japanese must be different from those of the Western people, and there maybe a difference in the species or the activity of intestinal bacteria responsible for the conversion of cholesterol into coprostanol. This difference may be related to the fact that neomycin, an antibiotic with hypolipidemic action23"26', was not as effective in Japanese as in the Western people (Sekimoto H., unpublished data). In addition, the difference may possibly contribute to the lower serum cholesterol level in Japanese as well as the difference in the quality of food.
Further studies will be needed to clarify the characteristics of the bacteria responsible for the conversion of cholesterol into coprostanol. 
